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Abstract
Background: Reducing maternal mortality is a key goal of international development. Our objective was
to determine the potential impact on maternal mortality across sub-Saharan Africa of a combination of
dietary supplementation and presumptive treatment of infection during pregnancy. Our aim was to
demonstrate the importance of antenatal interventions in the fight against maternal mortality, and to
stimulate debate about the design of an effective antenatal care package which could be delivered at the
lowest level of the antenatal health system or at community level.
Methods: We collated evidence for the effectiveness of antenatal interventions from systematic reviews
and controlled trials, and we selected interventions which have demonstrated potential to prevent
maternal deaths. We used a model-based analysis to estimate the total reduction in maternal mortality in
sub-Saharan Africa which could be achieved by combining these interventions into a single package, based
on a WHO systematic review of causes of maternal deaths.
Results: Severe hypertensive disorders, puerperal sepsis and anemia are causes of maternal deaths which
could be prevented to some extent by prophylactic measures during pregnancy. A package of pills
comprising calcium and iron supplements and appropriate anti-microbial and anti-malarial drugs could
reduce maternal mortality in sub-Saharan Africa by 8% (range <1% to 20%). This estimate is based on
Cochrane Review estimates for the effectiveness of daily calcium supplements in reducing the risk of death/
serious morbidity due to hypertensive disorders (RR = 0.80, 95% CI 0.65–0.97), anti-microbial prophylaxis
in reducing the odds of puerperal sepsis/postpartum endometritis (OR = 0.49, 95% CI 0.23–1.06), anti-
malarial prophylaxis in reducing the risk of severe antenatal anemia (RR = 0.62, 95% CI 0.50–0.78), and
iron supplementation in reducing the risk of iron deficiency anemia at term (RR = 0.33, 95% CI 0.16–0.69).
Conclusion: Maternal mortality could be reduced by a combination of micronutrient supplementation
and presumptive treatment of infection during pregnancy. Such an approach could be adopted in resource-
poor settings where visits to antenatal clinics are infrequent and would complement existing Safe
Motherhood activities.
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Background
The Millennium Development Goal of halving maternal
mortality by 2015 is unlikely to be achieved in sub-Saha-
ran Africa, where little or no progress has been reported
[1]. Current strategies to save the lives of pregnant women
rightly focus on skilled birth attendance or emergency
obstetric care [2]. There is no doubt that these strategies
could save many lives. However, it is also clear that such
strategies require health care professionals that the poor-
est countries cannot afford to train or retain in sufficient
numbers over the next decade [3]. More importantly,
these strategies might be insufficient in view of the
increasing proportion of maternal deaths attributable to
infectious disease, particularly in sub-Saharan Africa [4].
The majority of women in developing countries come
into contact with health care workers during pregnancy
through antenatal care [5]. Antenatal care for maternal
health has been marginalised for the last 15 years because
of poor risk scoring predictability [2]. The effectiveness of
various components of antenatal care has been studied,
but the overall potential impact on maternal mortality has
not been estimated, as it has been for neonatal outcomes
[6,7].
In this paper, we ask whether a simple antenatal package
which combines micronutritional supplementation with
presumptive treatment of infection, given through ante-
natal care or taken at home under limited supervision,
could prevent some of the 250,000 maternal deaths which
have been estimated to occur each year in sub-Saharan
Africa [8]. Our objective was to estimate the impact of
such a package on maternal mortality in sub-Saharan
Africa, based on the distribution of the causes of maternal
deaths in the region, and based on evidence for the effec-
tiveness of each component. Our broader aim was to
demonstrate the potential importance of antenatal inter-
ventions in developing countries, and to help define a
simple package which could be provided to women who
access existing antenatal care, but which could also be
delivered via outreach programmes to the 25% of women
who fail to make even one antenatal visit.
Methods
Our study is a model-based analysis, which uses a recent
WHO systematic review of causes of maternal deaths [9].
We also used observational studies, reviews, and baseline
data from controlled trials to estimate the prevalence
among pregnant women in sub-Saharan Africa of aetio-
logical factors such as micronutrient deficiency and infec-
tion associated with reported causes of maternal deaths.
We obtained evidence for the effectiveness of antenatal
interventions with the potential to prevent maternal
deaths due to severe hypertensive disorders, sepsis,
malaria, and iron-deficiency anemia from The Cochrane
Library [10].
We first calculated the crude reduction in all-cause mater-
nal mortality which could be achieved through full
(100%) population coverage of the intervention, com-
pared with existing coverage, by multiplying the efficacy
of the intervention by the proportion of all-cause mater-
nal deaths attributable to the preventable cause. Hence,
the percentage reduction r in maternal mortality due to an
intervention against a particular cause of death is given by
Equation 1.
r = (1 - RR) × p (1)
where RR = risk or odds ratio for cause of death comparing
intervention with no intervention, and p = proportion of
all-cause maternal mortality due to a particular cause of
death. For each cause of death we calculated a range for
the percentage reduction r by substituting into the equa-
tion the upper and lower bounds of the 95% confidence
interval for RR and the upper and lower bounds of the
range of p.
To obtain a point estimate and range for the total reduc-
tion in all-cause maternal mortality, we used a model with
two stages. In the first stage, we re-created the distribution
of RR for the reduction in maternal mortality due to the
intervention for each of cause of death by calculating the
error factor for each RR estimate from the 95% confidence
interval (Equation 2, [11]), and taking the mean of the
error factor estimates calculated using the upper and
lower 95% confidence interval. A normal distribution
using the natural log of RR as the mean, and the standard
error of log(RR) (calculated using the error factor, Equa-
tion 3, [11]) as the variance, was created for each cause of
death (using Berkeley Madonna version 8.3.11, University
of California at Berkeley), and 50,000 values of log(RR)
were selected at random from this distribution and trans-
formed to give 50,000 estimates of RR. Equation 1 was
used to calculate r for each RR estimate.
95%CI(RR) = RR/EF to RR × EF (2)
EF = exp [1.96 × SE(log RR)] (3)
A variable proportion of maternal deaths caused by ane-
mia are attributed to malaria; we selected at random from
a uniform distribution for this proportion, with lower
bound 0% (none of the anemia deaths attributed to P fal-
ciparum infection, representing the few parts of sub-Saha-
ran Africa free of malaria), and upper bound 18% (from
an estimate by Brabin et al, representing holoendemic
areas, [12]). This variation was incorporated into the first
stage of the model. Of the remaining deaths caused by
anemia, a variable proportion are attributed to iron defi-
ciency. Our review of the literature suggested a range of
30–70% for this proportion [12-18]. We incorporated the
BMC Pregnancy and Childbirth 2007, 7:6 http://www.biomedcentral.com/1471-2393/7/6
Page 3 of 9
(page number not for citation purposes)
lowest, middle and highest point of this range into the
second stage of our model, as described in the next para-
graph.
In the second stage, we obtained the overall percentage
reduction in all maternal deaths estimated for the inter-
vention. For each of the 50,000 values of RR that we gen-
erated for the effect on each cause of death, we subtracted
the proportion of deaths prevented due to the interven-
tion for one cause of death before calculating the effect on
the next cause of death; this method takes into account
independent co-morbidity, and does not depend on the
order in which causes of death are chosen [7]. The propor-
tions of deaths prevented at the 2.5th and 97.5th percentile
were used as 95% uncertainty intervals. These calculations
were repeated using the point estimate and the lowest and
highest points of the range of the proportion p of maternal
deaths due to each cause found by the recent WHO sys-
tematic review of causes of maternal deaths [9] to produce
three scenarios. At the lowest end of the range of p, we
used the lowest proportion (30%) of non-malarial ane-
mia deaths attributed to iron deficiency; at the highest end
of the range of p, we used the highest proportion (70%) of
non-malarial anemia deaths attributed to iron deficiency.
Results
We identified severe hypertensive disorders, puerperal
sepsis and anemia as causes of maternal deaths which
could be prevented by micronutrient supplementation
and presumptive treatment of infection during the ante-
natal period. Current evidence for the effectiveness of
antenatal interventions for preventing maternal deaths
due to these causes is summarised in Table 1. We could
not identify any simple prophylactic or nutritional inter-
ventions which have potential to prevent the other causes
of maternal deaths identified by the WHO systematic
review (haemorrhage, obstructed labour, abortion, HIV/
AIDS).
Severe hypertensive disorders
A protective effect of calcium supplementation against
severe hypertensive disorders (pre-eclampsia and eclamp-
sia) has been demonstrated among women who have
insufficient dietary intake of calcium [19]. We found two
studies which reported on dietary calcium intake among
pregnant women in sub-Saharan Africa, and both studies
reported average intakes substantially below the recom-
mended daily allowance for pregnant women of 1200
mg/day [20,21]. In the absence of further studies, we
assumed that low calcium intake (<600 mg/day) was
widespread across sub-Saharan Africa. We applied the
20% (1-RR = 0.03–0.35) reduction in risk of maternal
death/serious morbidity reported by the Cochrane Review
(RR = 0.80, 95% CI 0.65–0.97), corresponding to this
level of calcium intake, to the 3.9–21.9% of maternal
deaths attributed to severe hypertensive disorders, to
obtain a reduction in maternal mortality of 0.1–7.7%,
corresponding to 300–19,200 deaths per year (Table 2).
Puerperal sepsis
The Cochrane Review of anti-microbial prophylaxis dur-
ing pregnancy (2nd and 3rd trimester) gives an odds ratio
for puerperal sepsis/postpartum endometritis among
women selected for poor obstetric history (low birth
weight or stillbirth) of 0.46 (95% CI 0.24–0.89); this
result is based on a single trial in Kenya [22]. Among unse-
lected women the odds ratio is not quite significant (OR =
0.49, 95% CI 0.23–1.06). The result for unselected
women is based on two trials, one conducted in the USA
(OR = 0.68, 95% CI 0.23–2.00) and one conducted in
Kenya (OR = 0.36, 95% CI 0.12–1.06). Applying the 51%
risk reduction (1-RR = 0.00–0.77) reported in the
Cochrane Review for unselected women to the 6.3–12.6%
of maternal deaths attributed to puerperal sepsis (assum-
ing no adverse effect of the intervention) yields a reduc-
tion in maternal mortality of 0.0–9.7%, corresponding to
0–24,300 deaths per year (Table 2).
Anemia
In our crude calculations, we used the estimate by Brabin
et al that, in malarious areas, malaria would be the under-
lying cause of 18% of maternal deaths due to anemia
(hence 0–2.4% of all maternal deaths) [12]. The remain-
der (0–10.8% of all maternal deaths) would be caused by
nutritional deficiencies (mainly iron deficiency), sickle
cell disease, and infection (mainly intestinal parasites
such as hookworm). Studies suggest that 30–70% of all
maternal anemia is due to iron deficiency [12-17]; hence
iron deficiency would be the underlying cause of 0–7.6%
of all maternal deaths.
Anemia due to malaria
WHO recommends preventive intermittent treatment for
falciparum malaria [23]. The Cochrane Review of anti-
malarials during pregnancy gives a relative risk for severe
antenatal anemia during first and second pregnancies of
0.62 (95% CI 0.50–0.78) [24]. Applying this 38% risk
reduction (1-RR = 0.22–0.50) to the 0–2.4% of maternal
deaths caused by malaria (assuming that the majority of
deaths occurred among primi- and secundigravid
women) gives a reduction in maternal mortality of 0–
1.2% corresponding to 0–3,000 deaths per year (Table 2).
Anemia due to iron deficiency
WHO recommends routine iron supplementation during
pregnancy [25]. The Cochrane Review of iron supplemen-
tation with or without folic acid during pregnancy gives a
risk ratio for iron deficiency anemia at term (Hb below
110 g/L and at least one additional laboratory indicator)
of 0.33 (95% CI 0.16–0.69) [26]. Applying this 67% risk
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Table 1: Causes of maternal deaths and evidence for preventive antenatal interventions.
Cause of death Aetiology Antenatal intervention Evidence base Grade*
Severe hypertensive disorders 
(eclampsia and pre-eclampsia)
Dietary calcium deficiency Calcium supplementation "Calcium supplementation appears to almost halve the risk of pre-eclampsia, and to 
reduce the rare occurrence of the composite outcome 'death or serious morbidity"' 
[19].
High
Puerperal Sepsis Genitourinary infection Antibiotics "Antibiotic prophylaxis given during the second or third trimester of pregnancy 
reduces the risk of pre-labour rupture of membranes when given routinely to 
pregnant women. Beneficial effects on birth weight and the risk of postpartum 
endometritis were seen for high-risk women" [22].
Moderate
Dietary vitamin A deficiency Vitamin A supplementation "Further evidence on biologically plausible mechanisms of morbidity reduction such as 
reduced incidence of sepsis and/or reduced markers of inflammation are needed" [60].
Low
Dietary micronutrient 
deficiencies
Multiple micronutrient 
supplementation
One trial in Tanzania showed no additional effect on markers of infection (C-reactive 
protein) compared with iron and folic acid [15].
Low
Anemia P. falciparum infection Anti-malarial drugs "Drugs given routinely for malaria during pregnancy reduce severe antenatal anaemia 
in the mother, and are associated with higher birth weight in the baby and probably 
fewer perinatal deaths. This effect appears to be limited to low parity women" [24].
High
Dietary iron deficiency Iron supplementation "Antenatal supplementation with iron or with iron and folic acid results in a substantial 
reduction in the prevalence of haemoglobin levels below 10 or 10.5 g/L at term or 
near term. Routine daily or weekly antenatal iron or iron plus folic acid 
supplementation may be of benefit, especially where pre-gestational iron deficiency 
and anaemia are prevalent" [26].
Moderate
Dietary vitamin A deficiency Vitamin A supplementation "Further evidence on the effectiveness of adding vitamin A to iron and folic acid for 
treatment of anaemia is needed" [60]. "Vitamin A supplementation programmes to 
reduce anaemia should not be implemented in similar antenatal populations in rural 
sub-Saharan Africa unless evidence emerges of positive benefit on substantive clinical 
outcomes" [61].
Low
Dietary micronutrient 
deficiencies
Multiple micronutrient 
supplementation
When compared with supplementation of two or less micronutrients or no 
supplementation or a placebo, multiple-micronutrient supplementation resulted in a 
statistically significant decrease in maternal anaemia (RR 0.61; CI 0.52 to 0.71). 
However, these differences lost statistical significance when multiple-micronutrient 
supplementation was compared with iron folic acid supplementation alone [64].
Low
Intestinal parasitic infection Anthelmintic/antiprotozoal 
drugs
Trials in Sierra Leone and Nepal showed a positive effect on haemoglobin levels 
[57,59].
Moderate
* GRADE Working Group system [65]
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reduction (1-RR = 0.31–0.84) to the 0–7.6% of maternal
deaths caused by severe iron deficiency anemia gives a
reduction in maternal mortality of 0–6.4% corresponding
to 0–15,900 deaths per year (Table 2).
All causes
Using a range of 0–18% for the proportion of anemia due
to malaria and a range of 30–70% for the proportion of
non-malarial anemia due to iron deficiency in our sce-
nario analysis, our model generated distributions for the
overall reduction in maternal deaths with median values
3.9%, 7.7% and 15.6%, and 95% uncertainty intervals of
0.4–5.7%, 2.4–10.7%, and 8.3–20.3% for the lower
bound, point estimate and upper bound respectively of
the proportion of maternal deaths due to each cause from
the WHO systematic review (Table 3). Hence our overall
estimate for the proportion of maternal deaths prevented
is 8%, with a range of <1–20%, corresponding to 19,300
(range 900–50,800) maternal deaths prevented per year
in sub-Saharan Africa.
Discussion
Our study suggests that a substantial number of maternal
deaths could be prevented in sub-Saharan Africa by nutri-
tional and anti-infection interventions in pregnancy. The
range of our estimate derives from uncertainty about the
causes of maternal deaths, and uncertainty about the
effectiveness of antenatal interventions. We question why
there is so little emphasis on the potential of these antena-
tal strategies by the international safe motherhood com-
munity, and why the initiative has been left to vertical
programmes, such as malaria treatment and prevention.
Of course, we recognize that there is no 'silver bullet' strat-
egy for addressing the effects of a lifetime of undernutri-
tion and infection on maternal health. However, we
believe that any evidence-based intervention which could
be made available to women within the constraints of
existing health infrastructure or through a community-
based outreach approach merits further exploration.
Table 3: Estimated reduction in all-cause maternal mortality due to micronutritional supplementation and presumptive treatment of 
infection.
Lowest estimate Point estimate Highest estimate
Proportion of maternal mortality due to1:
Pre-eclampsia/eclampsia 3.9 9.1 21.9
Puerperal sepsis 6.3 9.7 12.6
Anaemia (all causes) 0.0 3.7 13.2
Proportion of non-malarial anaemia due to iron deficiency2 30% 50% 70%
Percentage reduction in all-cause maternal mortality, median (uncertainty 
interval)
3.9% (0.4–5.7) 7.7% (2.4–10.7) 15.6% (8.3–20.3)
Number of maternal deaths prevented per year, median (uncertainty 
interval)
9,800 (900–14,200) 19,300 (6000–26,600) 38,900 (20,700–50,800)
1 Source: WHO systematic review of causes of maternal deaths [9]
2 Source: references [12-17].
Table 2: Estimated crude reduction in maternal mortality due to micronutritional supplementation and presumptive treatment of 
infection, by cause of maternal death.
Cause of maternal 
death
Proportion of all 
maternal deaths 
(range)1
Intervention Effectiveness of 
intervention – reduction in 
deaths by cause (95% CI)2
Crude reduction in 
all-cause maternal 
mortality3
Maternal deaths 
prevented per year4
Severe hypertensive 
disorders
9.1% (3.9–21.9) calcium 
supplementation
20% (3–35) 0.1–7.7% 300–19,200
Puerperal sepsis 9.7% (6.3–12.6) anti-microbial 
prophylaxis
51% (0–77) 0.0–9.7% 0–24,300
Anemia 3.7% (0.0–13.2) anti-malarial 
prophylaxis
38% (22–50) 0.0–1.2%5 0–3,000
iron supplementation 67% (31–84) 0.0–6.4%6 0–15,900
1 Source: WHO systematic review of causes of maternal deaths [9].
2 Source: Cochrane Reviews [19,22,24,26].
3 Calculated using Equation 1.
4 Assuming 250,000 deaths per year in sub-Saharan Africa [8].
5 Assuming 18% of maternal deaths caused by anemia are attributable to P falciparum infection [12].
6 Assuming 30–70% of non-malarial maternal deaths caused by anemia are attributable to iron deficiency [12-17].
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Limitations
Evidence of effectiveness based on large-scale randomised
controlled trials of unselected or unscreened population
groups in low-income countries was lacking for presump-
tive treatment of genitourinary infections and micronutri-
ent supplements, with the exception of calcium. Evidence
of effectiveness in preventing maternal mortality was lack-
ing for all interventions. Instead we have assumed that
prevention of mortality is in direct proportion to reduced
risk of morbidity. This assumption is more reasonable for
calcium supplementation and anti-malarial prophylaxis,
where there is evidence of effectiveness in preventing
severe morbidity, than for iron supplementation and anti-
microbial prophylaxis, where the evidence of effectiveness
relates to less severe morbidity.
We have taken into account independent comorbidity
between conditions, eg. anemia and infection, malaria
and pre-eclampsia, but not dependent comorbidity, nor
possible interaction between the components, eg.
between iron and calcium, between iron and vitamin A,
and between P falciparum and micronutrient deficiencies
[13,27,28]. We have produced an estimate for sub-Saha-
ran Africa, but the region is homogeneous neither in the
causes of maternal mortality nor in the prevalence of
micronutrient deficiencies and infection. The WHO sys-
tematic review of causes of maternal deaths included one
study from Egypt, but all of the other included studies
were conducted in countries south of the Sahara.
Our estimate of the impact of the combined intervention
is a best-case scenario, based on 100% coverage compared
with whatever coverage existed in the areas where the
mortality studies were conducted. Although it is estimated
that 68% of women across sub-Saharan Africa have at
least one antenatal consultation [5], the actual provision
and use of treatment and prophylaxis at these consulta-
tions is largely unknown, and is unlikely to be homogene-
ous across sub-Saharan Africa. Even if full coverage were
to be achieved among women who currently access ante-
natal care, the impact of the intervention would vary
across the region, and would also be influenced by adher-
ence to supplementation regimens.
We decided that another layer of estimates (of current and
projected coverage) and corresponding calculations
would over-complicate our model. However, it is a fairly
straightforward exercise to calculate the factor by which
the impact of each intervention would be reduced for less
than full coverage. For example, if two-thirds of women
who currently access antenatal care receive iron prophy-
laxis and anti-malarials (hence 45% of all women), and
full coverage is somehow achieved among women who
currently access antenatal care (68% of all women), then
the impact of these two interventions on deaths due to
anemia will be reduced by a factor of 0.4 (68-45/100-45).
The impact of the two new interventions (calcium supple-
mentation and presumptive treatment of genitourinary
infection) will be reduced by a factor of 0.7 (68/100). The
upper bound of our uncertainty interval for the reduction
in maternal deaths will be around 15%.
Severe hypertensive disorders
The Cochrane Review estimate of the effect of calcium
supplementation in reducing maternal mortality due to
severe hypertensive disorders is based almost entirely on
the result of a WHO multi-centre trial conducted among
women with low dietary calcium intake [29]. We have
made the assumption that diets across sub-Saharan Africa
are unlikely to provide the 1200 mg recommended daily
allowance for pregnant women. Mechanisms to ensure
adherence may become an important issue given the
physical size of calcium tablets. This issue is further com-
plicated by the inhibition of iron absorption by calcium
hence there is likely to be a trade-off between the benefits
of each supplement. The WHO trial used three chewable
500 mg tablets, one tablet to be taken three times daily at
meals but three hours away from any iron supplements
[29]. However, in settings where management of pre-
eclampsia/eclampsia is difficult due to lack of resources, a
preventive strategy might be a worthwhile weapon against
maternal deaths due to hypertensive diseases of preg-
nancy.
Studies from Senegal and The Gambia have reported an
increased risk of death due to eclampsia, RR = 3.1 (95% CI
0.8–14.7) and RR = 5.4 (95% CI 1.5–19.3) respectively,
coincident with peak transmission of P falciparum [30,31].
A three-fold increase in the risk of pre-eclampsia in
women presenting with placental parasitemia was also
reported from a hospital-based study in Dakar [32].
Hence treatment of malaria might be expected to prevent
some deaths due to pre-eclampsia/eclampsia [33]. Sup-
plementation with vitamins C and E has been shown to
have no effect on eclampsia, albeit among well-nourished
women [34,35].
Puerperal sepsis
The inclusion of presumptive treatment of genitourinary
infection, and its estimated impact on puerperal sepsis, is
likely to raise concerns about resistance to antibiotics. The
data from Kenya strongly suggested a beneficial effect of
mass anti-microbial treatment in pregnancy where sexu-
ally transmitted infections are highly prevalent [36]. In
the fourteen years since this trial was conducted, new anti-
biotics have become available [37]. Azithromycin, for
example, has demonstrated efficacy against chlamydia,
gonorrhoea, chancroid, incubating syphilis, mycoplasma,
and possibly bacterial vaginosis, and appears to be with-
out teratogenic risk [38-44]. Azithromycin has been used
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for mass treatment of other infections, and has demon-
strated efficacy against P falciparum and P vivax [45-47].
Three trials conducted since the Cochrane review have
provided further evidence, at least for perinatal outcomes,
of the benefits of prophylactic antibiotics in pregnancy
[48].
WHO currently recommends a range of anti-microbials
for treatment of genitourinary infections during preg-
nancy, some prescribed over several days [25]. It is widely
acknowledged that current strategies for treating geni-
tourinary infection among pregnant women in sub-Saha-
ran Africa are failing, and that new approaches are needed
[49-52]. A successful strategy could also contribute to the
prevention of HIV transmission [53]. However, because of
the likely controversy, we would advocate for a large-scale
trial to establish the efficacy and safety of this strategy in
settings where the prevalence of sexually transmitted
infections is high.
Anemia
We have based our estimate on the effects of anti-malarial
treatment and iron supplementation. Although the bene-
fits of intermittent presumptive treatment (IPT) are great-
est among women of low parity, it has been suggested that
IPT should be provided to all pregnant women in areas of
high HIV prevalence because HIV-positive multigravidae
are at similar risk of severe malaria as HIV-positive primi-
gravidae [54].
Nutritional deficiencies are compounded by other infec-
tions, principally hookworm [55-57]. Pathogens such as
Helicobacter pylori may also play a major role [58]. Some
of the maternal deaths caused by anemia, which were
attributable neither to malaria nor to iron deficiency,
might be prevented through a combination of multiple
micronutrient supplementation and presumptive treat-
ment of parasitic and bacterial infection [55,59]. Albenda-
zole has been shown to reduce the decline in
haemoglobin during pregnancy, but there is no conclu-
sive evidence for an effect of vitamin A or other micronu-
trients on anemia during pregnancy, particularly when
compared with iron and folate supplementation [60,61].
Other benefits
Each component of the combined intervention would
benefit neonatal health and survival [7]. Presumptive
treatment of sexually transmitted infections would act
directly to prevent perinatal deaths due to syphilis and
sepsis; treatment and prevention of maternal anemia,
malaria and pre-eclampsia/eclampsia would act indirectly
via higher birth weights and fewer preterm births.
Delivery and cost-effectiveness
The interventions could be combined in a package
designed to facilitate distribution by health providers and
to maximise adherence by patients. Delivery of such a
package need not be confined to health facilities and
could be distributed by community health workers and
others involved in community outreach programmes. Ide-
ally, the package would be implemented in conjunction
with measures to improve access to family planning,
skilled attendance and essential obstetric care.
Studies of the cost-effectiveness of several of the interven-
tions, particularly with regard to neonatal outcomes, sug-
gest that a combined intervention is likely to be cost-
effective in averting maternal and neonatal mortality and
morbidity [7,62,63]. However, considerable gaps in our
knowledge remain, particularly with regard to cost-effec-
tiveness of micronutritional supplementation, and further
research is required. Such research would need to consider
targeted delivery to high-risk groups such as primiparous
women, screening as an alternative to presumptive treat-
ment, and the relative cost-effectiveness of other maternal
health interventions such as provision of essential obstet-
ric care.
Recommendations
Our study is a type of sensitivity analysis, based on the
available evidence. Although the point estimates for the
effectiveness of the constituent interventions could be
debated, the strength of evidence for each manifests as the
upper and lower bounds of the 95% confidence intervals.
These uncertainties combine with the ranges for the
causes of death and underlying prevalence of micronutri-
ent deficiencies and infection, to generate the uncertainty
interval for our final estimate (<1% to 20%). The lower
and upper bounds of this interval almost certainly under-
and over-estimate the impact of combined nutritional
and anti-infection interventions during pregnancy. A nar-
rower interval could be obtained through the gradual
accumulation of evidence from studies and trials, and per-
haps a more sophisticated model. However, we would
argue that there is sufficient evidence for each interven-
tion to support a large cluster randomised controlled trial
of a package combining these interventions, compared
with implementation of current WHO guidelines for ante-
natal care. The intervention and comparison groups could
each have two arms: one based on the prevalent (presum-
ably facility-based) model of antenatal care; the other pro-
viding an enhanced model of antenatal care comprising
facility-based and community outreach teams.
Conclusion
Our estimate for the reduction in the maternal mortality
ratio which could be achieved through a package combin-
ing routine multiple micronutrient supplementation with
BMC Pregnancy and Childbirth 2007, 7:6 http://www.biomedcentral.com/1471-2393/7/6
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presumptive treatment of parasitic and bacterial infection
is 8% (range <1–20%). Such a package would comple-
ment the Safe Motherhood measures of skilled birth
attendance, emergency obstetric care and family planning.
We trust that the model which we have presented will
serve to inform the debate over prioritisation of resources
and to highlight the number of maternal deaths which
could be prevented through the relatively simple measure
of implementing and building upon existing antenatal
care recommendations.
Competing interests
The author(s) declare that they have no competing inter-
ests.
Authors' contributions
VF and RP raised the research question. SC and RB con-
ducted the research and calculated the estimates. VF and
RP provided programmatic and clinical judgements. SC
wrote and revised the drafts, RB designed and ran the
models; VF, RP and RB provided input at each revision.
Acknowledgements
The authors are grateful to members of the Maternal and Neonatal Health 
Group at the London School of Hygiene and Tropical Medicine (LSHTM) 
and to Professor Wendy Graham (IMMPACT, Aberdeen) and Dr Andrea 
Le Fevre (LSHTM) for their insights and comments. This study was sup-
ported by the LSHTM Maternal Health Programme "Effective Services, 
Effective Policies" funded by the Department for International Develop-
ment.
References
1. UN: Progress towards the Millennium Development Goals,
1990-2005.  Volume ST/ESA/STAT/MILLENNIUMINDICATORS2004/
WWW. UN; 2005. 
2. Bullough C, Meda N, Makowiecka K, Ronsmans C, Achadi EL, Hussein
J: Current strategies for the reduction of maternal mortality.
BJOG 2005, 112:1180-8.
3. Addressing Africa's Health Workforce Crisis: An Avenue
For Action.  High-Level Forum On The Health Millennium Develop-
ment Goals. Abuja, Nigeria; 2004. 
4. Fawcus S, Mbizvo MT, Lindmark G, Nystrom L: A community
based investigation of causes of maternal mortality in rural
and urban Zimbabwe. Maternal Mortality Study Group.  Cent
Afr J Med 1995, 41:105-13.
5. WHO: Antenatal Care In Developing countries: Promises,
achievements and missed opportunities.  World Health Organ-
ization; 2003. 
6. Carroli G, Rooney C, Villar J: How effective is antenatal care in
preventing maternal mortality and serious morbidity? An
overview of the evidence.  Paediatr Perinat Epidemiol 2001, 15
Suppl 1:1-42.
7. Darmstadt GL, Bhutta ZA, Cousens S, Adam T, Walker N, de Bernis
L: Evidence-based, cost-effective interventions: how many
newborn babies can we save?  Lancet 2005, 365:977-88.
8. AbouZahr C: Global burden of maternal death and disability.
Br Med Bull 2003, 67:1-11.
9. Khan KS, Wojdyla D, Say L, Gulmezoglu AM, Van Look PF: WHO
analysis of causes of maternal death: a systematic review.
Lancet 2006, 367:1066-1074.
10. The Cochrane Library   [http://www.cochrane.org/]. Accessed 21/
03/2007
11. Kirkwood BR, Sterne JAC: Essential Medical Statistics 2003.
12. Brabin BJ, Hakimi M, Pelletier D: An analysis of anemia and preg-
nancy-related maternal mortality.  J Nutr 2001, 131:604S-614S.
13. Sloan NL, Jordan E, Winikoff B: Effects of iron supplementation
on maternal hematologic status in pregnancy.  Am J Public
Health 2002, 92:288-293.
14. Verhoeff FH, Brabin BJ, Chimsuku L, Kazembe P, Broadhead RL: An
analysis of the determinants of anaemia in pregnant women
in rural Malawi--a basis for action.  Ann Trop Med Parasitol 1999,
93:119-133.
15. Makola D, Ash DM, Tatala SR, Latham MC, Ndossi G, Mehansho H:
A micronutrient-fortified beverage prevents iron deficiency,
reduces anemia and improves the hemoglobin concentra-
tion of pregnant Tanzanian women.  J Nutr 2003, 133:1339-46.
16. Antelman G, Msamanga GI, Spiegelman D, Urassa EJN, Narh R,
Hunter DJ, Fawzi WW: Nutritional factors and infectious dis-
ease contribute to anemia among pregnant women with
human immunodeficiency virus in Tanzania.  Journal of Nutrition
2000, 130:1950-1957.
17. van den Broek NR, Letsky EA: Etiology of anemia in pregnancy
in south Malawi.  Am J Clin Nutr 2000, 72:247S-256S.
18. Stoltzfus RJ: Iron deficiency: global prevalence and conse-
quences.  Food Nutr Bull 2003, 24:S99-103.
19. Hofmeyr GJ, Atallah AN, Duley L: Calcium supplementation dur-
ing pregnancy for preventing hypertensive disorders and
related problems.  Cochrane Database Syst Rev 2006. Issue 3. Art.
no. CD001059
20. Oguntona CR, Akinyele IO: Food and nutrient intakes by preg-
nant Nigerian adolescents during the third trimester.  Nutri-
tion 2002, 18:673-9.
21. Prentice A, Laskey MA, Shaw J, Hudson GJ, Day KC, Jarjou LM, Dibba
B, Paul AA: The calcium and phosphorus intakes of rural Gam-
bian women during pregnancy and lactation.  Br J Nutr 1993,
69:885-96.
22. Thinkhamrop J, Hofmeyr GJ, Adetoro O, Lumbiganon P: Prophylac-
tic antibiotic administration in pregnancy to prevent infec-
tious morbidity and mortality.  Cochrane Database Syst Rev 2002.
Issue 4. Art. no. CD002250
23. WHO: A Strategic Framework for Malaria Prevention and
Control During Pregnancy in the African Region.  Volume AFR/
MAL/04/01. World Health Organization; 2004. 
24. Garner P, Gulmezoglu AM: Drugs for preventing malaria-
related illness in pregnant women and death in the newborn.
Cochrane Database Syst Rev 2006. Issue 4. Art. no. CD000169
25. WHO: Pregnancy, childbirth, postpartum and newborn care:
a guide for essential practice.  Volume WHO/RHT/MSM/96.28.
World Health Organization; 2003. 
26. Pena-Rosas JP, Viteri FE: Effects of routine oral iron supplemen-
tation with or without folic acid for women during preg-
nancy.  Cochrane Database Syst Rev 2006. Issue 3. Art. no. CD004736
27. Semba RD, Bloem MW: The anemia of vitamin A deficiency:
epidemiology and pathogenesis.  Eur J Clin Nutr 2002,
56:271-281.
28. Nussenblatt V, Semba RD: Micronutrient malnutrition and the
pathogenesis of malarial anemia.  Acta Trop 2002, 82:321-337.
29. Villar J, bdel-Aleem H, Merialdi M, Mathai M, Ali MM, Zavaleta N, Pur-
war M, Hofmeyr J, Nguyen TN, Campodonico L, Landoulsi S, Carroli
G, Lindheimer M: World Health Organization randomized
trial of calcium supplementation among low calcium intake
pregnant women.  Am J Obstet Gynecol 2006, 194:639-649.
30. Anya SE: Seasonal variation in the risk and causes of maternal
death in the Gambia: malaria appears to be an important
factor.  Am J Trop Med Hyg 2004, 70:510-3.
31. Etard JF, Kodio B, Ronsmans C: Seasonal variation in direct
obstetric mortality in rural Senegal: role of malaria?  Am J Trop
Med Hyg 2003, 68:503-4.
32. Sartelet H, Rogier C, Milko-Sartelet I, Angel G, Michel G: Malaria
associated pre-eclampsia in Senegal.  Lancet 1996, 347:1121.
33. Brabin BJ, Johnson PM: Placental malaria and pre-eclampsia
through the looking glass backwards?  J Reprod Immunol 2005,
65:1-15.
34. Poston L, Briley AL, Seed PT, Kelly FJ, Shennan AH: Vitamin C and
vitamin E in pregnant women at risk for pre-eclampsia (VIP
trial): randomised placebo-controlled trial.  Lancet 2006,
367:1145-1154.
35. Rumbold AR, Crowther CA, Haslam RR, Dekker GA, Robinson JS:
Vitamins C and E and the risks of preeclampsia and perinatal
complications.  N Engl J Med 2006, 354:1796-1806.
Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Pregnancy and Childbirth 2007, 7:6 http://www.biomedcentral.com/1471-2393/7/6
Page 9 of 9
(page number not for citation purposes)
36. Temmerman M, Njagi E, Nagelkerke N, Ndinya-Achola J, Plummer
FA, Meheus A: Mass antimicrobial treatment in pregnancy. A
randomized, placebo-controlled trial in a population with
high rates of sexually transmitted diseases.  J Reprod Med 1995,
40:176-80.
37. Rustomjee R, Kharsany AB, Connolly CA, Karim SS: A randomized
controlled trial of azithromycin versus doxycycline/cipro-
floxacin for the syndromic management of sexually trans-
mitted infections in a resource-poor setting.  J Antimicrob
Chemother 2002, 49:875-8.
38. Adimora AA: Treatment of uncomplicated genital Chlamydia
trachomatis infections in adults.  Clin Infect Dis 2002, 35:183-6.
39. Ballard RC, Ye H, Matta A, Dangor Y, Radebe F: Treatment of
chancroid with azithromycin.  Int J STD AIDS 1996, 7 Suppl
1:9-12.
40. Bevan CD, Ridgway GL, Rothermel CD: Efficacy and safety of azi-
thromycin as monotherapy or combined with metronida-
zole compared with two standard multidrug regimens for
the treatment of acute pelvic inflammatory disease.  J Int Med
Res 2003, 31:45-54.
41. Blandford JM, Gift TL: The cost-effectiveness of single-dose azi-
thromycin for treatment of incubating syphilis.  Sex Transm Dis
2003, 30:502-8.
42. Habib AR, Fernando R: Efficacy of azithromycin 1g single dose
in the management of uncomplicated gonorrhoea.  Int J STD
AIDS 2004, 15:240-2.
43. Taylor-Robinson D: Mycoplasma genitalium -- an up-date.  Int J
STD AIDS 2002, 13:145-51.
44. Sarkar M, Woodland CC, Koren G, Einarson AR: Pregnancy out-
come following gestational exposure to azithromycin.  BMC
Pregnancy Childbirth 2006, 6:18.:18.
45. Krudsood S, Silachamroon U, Wilairatana P, Singhasivanon P, Phum-
ratanaprapin W, Chalermrut K, Phophak N, Popa C: A randomized
clinical trial of combinations of artesunate and azithromycin
for treatment of uncomplicated Plasmodium falciparum
malaria in Thailand.  Southeast Asian J Trop Med Public Health 2000,
31:801-7.
46. Solomon AW, Holland MJ, Alexander ND, Massae PA, Aguirre A,
Natividad-Sancho A, Molina S, Safari S, Shao JF, Courtright P, Peeling
RW, West SK, Bailey RL, Foster A, Mabey DC: Mass treatment
with single-dose azithromycin for trachoma.  N Engl J Med
2004, 351:1962-71.
47. Taylor WR, Richie TL, Fryauff DJ, Picarima H, Ohrt C, Tang D, Brait-
man D, Murphy GS, Widjaja H, Tjitra E, Ganjar A, Jones TR, Basri H,
Berman J: Malaria prophylaxis using azithromycin: a double-
blind, placebo-controlled trial in Irian Jaya, Indonesia.  Clin
Infect Dis 1999, 28:74-81.
48. Lamont RF: Can antibiotics prevent preterm birth--the pro
and con debate.  BJOG 2005, 112 Suppl 1:67-73.
49. Gloyd S, Chai S, Mercer MA: Antenatal syphilis in sub-Saharan
Africa: missed opportunities for mortality reduction.  Health
Policy Plan 2001, 16:29-34.
50. Mayaud P, Mabey D: Approaches to the control of sexually
transmitted infections in developing countries: old problems
and modern challenges.  Sex Transm Infect 2004, 80:174-82.
51. Mullick S, Watson-Jones D, Beksinska M, Mabey D: Sexually trans-
mitted infections in pregnancy: prevalence, impact on preg-
nancy outcomes, and approach to treatment in developing
countries.  Sex Transm Infect 2005, 81:294-302.
52. Watson-Jones D, Oliff M, Terris-Prestholt F, Changalucha J, Gumo-
doka B, Mayaud P, Semakafu AM, Kumaranayake L, Gavyole A, Mabey
D, Hayes R: Antenatal syphilis screening in sub-Saharan
Africa: lessons learned from Tanzania.  Trop Med Int Health
2005, 10:934-43.
53. Korenromp EL, White RG, Orroth KK, Bakker R, Kamali A, Ser-
wadda D, Gray RH, Grosskurth H, Habbema JD, Hayes RJ: Determi-
nants of the impact of sexually transmitted infection
treatment on prevention of HIV infection: a synthesis of evi-
dence from the Mwanza, Rakai, and Masaka intervention tri-
als.  J Infect Dis 2005, 191 Suppl 1:168-78.
54. Cot M, Deloron P: Malaria prevention strategies.  Br Med Bull
2003, 67:137-48.
55. Dreyfuss ML, Stoltzfus RJ, Shrestha JB, Pradhan EK, LeClerq SC, Kha-
try SK, Shrestha SR, Katz J, Albonico M, West KP Jr.: Hookworms,
Malaria and Vitamin A Deficiency Contribute to Anemia and
Iron Deficiency among Pregnant Women in the Plains of
Nepal.  J Nutr 2000, 130:2527-2536.
56. Steketee RW: Pregnancy, nutrition and parasitic diseases.  J
Nutr 2003, 133:1661S-1667S.
57. Torlesse H, Hodges M: Albendazole therapy and reduced
decline in haemoglobin concentration during pregnancy
(Sierra Leone).  Transactions of the Royal Society of Tropical Medicine
and Hygiene 2001, 95:195-201.
58. Farag TH, Stoltzfus RJ, Khalfan SS, Tielsch JM: Helicobacter pylori
infection is associated with severe anemia of pregnancy on
pemba island, zanzibar.  Am J Trop Med Hyg 2007, 76:541-548.
59. Christian P, Khatry SK, West KP Jr.: Antenatal anthelmintic
treatment, birthweight, and infant survival in rural Nepal.
Lancet 2004, 364:981-3.
60. van den Broek N, Kulier R, Gulmezoglu AM, Villar J: Vitamin A sup-
plementation during pregnancy.  Cochrane Database Syst Rev
2002. Issue 4. Art. no. CD001996
61. van den Broek NR, White SA, Flowers C, Cook JD, Letsky EA, Tanu-
mihardjo SA, Mhango C, Molyneux M, Neilson JP: Randomised trial
of vitamin A supplementation in pregnant women in rural
Malawi found to be anaemic on screening by HemoCue.
BJOG 2006, 113:569-576.
62. Goodman CA, Coleman PG, Mills AJ: The cost-effectiveness of
antenatal malaria prevention in sub-Saharan Africa.  Am J Trop
Med Hyg 2001, 64:45-56.
63. Rouse DJ: Potential cost-effectiveness of nutrition interven-
tions to prevent adverse pregnancy outcomes in the devel-
oping world.  J Nutr 2003, 133:1640S-1644S.
64. Haider BA, Bhutta ZA: Multiple-micronutrient supplementa-
tion for women during pregnancy.  Cochrane Database Syst Rev
2006:CD004905.
65. Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, Guyatt
GH, Harbour RT, Haugh MC, Henry D, Hill S, Jaeschke R, Leng G, Lib-
erati A, Magrini N, Mason J, Middleton P, Mrukowicz J, O'Connell D,
Oxman AD, Phillips B, Schunemann HJ, Edejer TT, Varonen H, Vist
GE, Williams JW Jr., Zaza S: Grading quality of evidence and
strength of recommendations.  BMJ 2004, 328:1490.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2393/7/6/prepub
